INTRODUCTION
Thioredoxin is a redox protein which functions via a reversible disulfide-dithiol reaction [I ,2]. Its active site consists of a 14-membered disulfide loop between residues Cys-32 and Cys-35 ( fig. I ), which forms a protrusion on the surface of the molecule [3] . In the Escherichiu coli enzyme, 2 Trp residues are present at positions 28 and 31 [4] , while in the yeast enzyme there is only a single Trp at position 31 [5] . The fluorescence of these Trp residues has been used to probe the structural changes which occur on reduction of the disulfide bridge 161. Extensive studies of the fluorescence of the native protein and N-bromosuccinimide modified derivatives have established that the fluorescence of both Trp residues in E. coli thioredoxin is strongly quenched by the S-S bridge [7] . Reduction results in a large increase in the fluorescence of Trp-28 but has little effect on Trp-31 [7] . As part of a program to examine the effect of disulfide bonds on Trp fluorescence and to provide a model for the thioredoxin active site, we describe in this report spectroscopic studies on the synthetic peptide:
Boc-Trp-C s-Gly-Pro-C s-NHMe solutions was adjusted to 0.1 corresponding to 22.1 pM Trp (peptide) concentration. Reductions were carried out using a final concentration of 500 pM DTT in MeOH, HzO and 8 M urea. Relative quantum yields were estimated with respect to LTrp for which a value of 0.14 is reported [ll] .
CD spectra were recorded on a JASCO 5-20 Spectropolarimeter using cells of 1 mm pathlength. Intensities are expressed as molar ellipti- 
RESULTS AND DISCUSSION
To establish structural changes on reduction of the disulfide loop, the CD spectra of the related peptide (111) were monitored in MeOH after addition of DTT. Peptide (111) was chosen to avoid interference from the aromatic sidechain of Trp, thereby permitting direct observation of the CD band due to the -S-W n-u* transition. Fig. 3 shows the CD spectra of 111 recorded at intervals after addition of DTT. The S-S band at -280 nm is abolished on reduction. The peptide n-n* band at -225 nm is observed on reduction. 'H NMR studies suggest that 111 adopts a folded conformation with a Gly-Pro &turn, stabilized by a transannular 4 4 1 hydrogen bond, accommodated within the 14-membered disulfide loop [lo] . DTT reduction of the disulfide should destabilize this 0-turn, resulting in a disordered conformation in the reduced product. This conclusion is supported by the CD spectral changes in fig. 3 . [7] . Further, the increase in fluores- cence on disulfide reduction may be almost exclusively attributed to Trp-28, suggesting that even in the reduced form Trp-31 is quenched by other proximate groups or the vicinal dithiol. In a more recent study the contributions from the Tyr residues, 49 and 70, to the fluorescence of native, oxidized E. coli thioredoxin have been evaluated. While Tyr residues appear to contribute significantly to the protein emission in the oxidized form, the fluorescence of the reduced form is dominated by Trp [ 141.
In yeast thioredoxin which has only a single Trp at position 31, the fluorescence quantum yield is 0.03 and there is a 1.2-fold increase on reduction [6] . In an early study it was observed that in the CNBr fragment of E. coli thioredoxin containing residues 1-37, including both Trp residues, a small increase in Trp quantum yield was observed on disulfide reduction [ 151. In the active site model peptide [I], the fluorescence quantum yield of the Trp residue in water is higher than in the thioredoxins. An enhancement of 1.5-1.6-fold is observed on S-S reduction. This difference is undoubtedly because in the native protein the Trp-31 emission in quenched by neighbouring groups other than the S-S bond. The present report suggests that pentapeptide (I) can be used to model fluorescence changes that occur on reduction of the disulfide loop in thioredoxin. (I) may prove useful in evaluating solvent effects on disulfide reduction and in examining the stereochemical requirement for quenching of Trp emission by proximate S-S 
